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DS | TKS  SIG-OTICASOS OF THE TIMB ISTEHRELÄIIÖMSHXI 

? IH BÄLLISTOOABDXöGRAKilQ AKALSSIS ! 
? ( 
I /following ig a translation of an article by Ye.  V«  Erina   | 

1 entitled-"0 Znachenil Izucheniya VremennyJth Sootnosheniy      \ 
\ . * 
I pjpi Analize Ballteio'k&rdiogra;mn,, (English version above) ixl 
I i 
| Terapevticheskiy Arkhiv (Therapeutic Archives)* Vol. 32,  j 

iKo. 5* Moscow, I960* pages 77-85^7 j 
! •< 
l From the Institute of Internal Medicine of the Academy 
l •; 
i ■•: 

I of Medical Sciences TTSSB. (Director-Professor A.I-. Myasnikovj, 

active member of the Academy of Medical Sciences USSR).   ] 
l 

In the present work we first had the aim of determinirfg 
1 ■       * 

j the degree to which the use of ballistocardiography can   j 

assist the early diagnosis of arteriosclerosis of the aortsj 

land nartiealarly of coronary arteriosclerosis. Subsequently» 
I  " * i 
I we attempted to clarify the general abnormalities in the  j 
j      • I 
mechanical work-of the heart which can be demonstrated by S 

means of an analysis of the time interrelationships 01 the 

ball!stccardiograms * 

Considerable material in the literature has been    j 

devoted to the study of the qualitative changes in       | 
I 

[ballistoeardiograms in coronary arteriosclerosis and to   j 
I ! 
[attempts to distinguish typical pathological tracings. The 

(material on the study of the time intervals in various 
»MAiW4idiMllplC'a*4<:<4MlA? 



diseases of the heart is the same (Tin oheng, V.L. üarpm&n | 

Sadovskaya, Ye.S. and .  5.1. Sidorenko end j G.T. R*a | and 

others), .1 number of authors have expressed doubt as to  . 

[ the expediency of such an analysis« \ 

I    Kany authors (Scarborough and co-authors* Smith, Pierce 

I ana co-authors, Sebastian! and co-authors» and others} maae 

j a study of the time intervals in healthy persons.  The    j 
I v 

i factual cata which they presented are sometlo.es different, j 

j because instruments of different designs were used by all. J 

f 

We investigated 428 patients/whom we divided into 

three groups, 
:i 

In the first group there were 122 patients with 

I hypertension included» in the first and second stages «ith^ 

out any clinical signs of arteriosclerosis; the second   \ 
1 * 
| group consisted of IM  persons in whom hypertension was   j 

I associated with arteriosclerosis of the blood vessels in 

! different locations.  The third group was comprised of 152 
f i 
I patients Kith coronary arteriosclerosis without hypertensicjn. 

|    We toot «  speed ballistocardio3ram by means of     j 
\ • j 
I Dock's electromagnetic feeler on a two-chsimel ink-writing | 

jelectrocardiograph. Qualitative analysis of the ballisto- j 

!cardiograms was made by the Brown classification with some j 

|additions proposed by Lin Cheng and us,  They tools Into   j 

consideration the Qualitative changes of the various      ! 
I .        JN 
bftlll s t o carda^:a&^ 

2 



[ respiratory variations in tJae tfava asspITtuüe  (in the  seconds 

{ and third»degree abnormalities). I 
s f 

■;    The reeults of the investigation of the time intervals 

1 are shown in Table 1. ) 
i I I                                                         Table 1 \ 
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In the study of the time Intervals between the 

jballistooardiographlc waves we considered the main indices I 

f "1 
jtfoe duration of the J^llistocM*41.fi2rJS^ 

3^./ 
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Table 1 
'Cont'd) 

»ew4wsf psiJTOösmS ts eecyMisi 

#K //# AfJ 

0,286 

0.28S 

«.386   0,220   0,0«) 

0,381 Ö.28S 
0,28? 03! 0,203 
0.290(0.381    0.1S2 

0.280? 0,380   0,194 
0.288(0,380   0.1S6   0 itMS 
0.290 e.aw  0,190  0,039 

6,053 
0,052 
0.049 

0,327 

0,260 

0,300 

0,427 

0,3&3 

0,300 

0,212   0.042 

0,175 

0,215 

0,3051 0,393   0,205 

0,048 

0,053 

0,050 

0.316   0.410    0,212 
0,289   0,372 I 0,198 

0.1)65    0,095 j 0.090 
j 

0,085   0,088 0,093 
0.C60    0,091 0,084 
0,058 I 0,005 

0,056 
0,060 
0,063    0.088 

0,073 

0,063 

0,064 

0,001 
0,088 

0,09? 

0,067 

0,099 

0,001 

0,001 

0,092 
0,090 

0,100 

0,503 

0,090 

0,090 

0,092 
0,084 

3 
9 

11 

4 
? 

13 

11 

16 

IS 

28 
5 

16 

25 
30 

64 

30 

22 

5« 

53 
SO 

-.-,_- 

8 

25 

32 
40 
SO 

10 
13 
25 

62 
54 
76 

10 40 

SJ> SO 

m 24 

15 41 

22 
5 

41 
50 

74,3 

71,5 
70,7 
68,2 

69,3 
68,0 
65,5 

64,8 

67.3 

71,6 

67,2 

66,2 
68.7 

0,052   0,055    0,103 
0,050    0,062    0.088 

J KEYi  1)'lo, examined 
|    2} average of subjects (years) j 

3) degree of change of ballistooardlograa '< 
.  4} BI j 

Sj  Average value of intervals in seconds 
I    6) RH^O.10 second I 

7) HK^O.SO second \ 
8) KG, of pte | 
9} ratio of HK to EK in % I 

10) healthy 1 
i 11) hypertension without arteriosclerosis, stages I,  ! 
1 v IIA, IIB                          ' 
I 12) Hypertension with coronary arteriosclerosis»stage I! 
\ stages IIA, IIB» 1111                        j 
I 13) hypertension, stage III with coronary arterioscleroi- 
I sis stage ill                             } 
j 14} -hypertension stages II-III with arteriosclerosis oil 
• ■ the aorta                                j 
j 15) coronary arteriosclerosis stage X (isohemlc), stages 
j III (sclerotic); 16) a) did not have myoc&rdial lii-j 

clxai flDrosls» 

3b 



i 

systole and the R wave of the electrocardiogram (the ES   j 

| Interval}.* ; 

|    The balllctocaraiosrsLins.of 55 healthy people from 19 ■ 

i to 68 years of age were characterised by a considerable j 

I distinctness of'the waves and a constancy of all the time ) 

(intervals. The HK interval varied between 0,21 and 0.25 \ 
IT f 

\ second; the EH Interval, from 0.06 to 0.09 second*       | 

I    The rules' and regulations which we determined coincide| 

1 in principle with data published in 1953 Lin Cheng? however., 

j the absolute values of the intervals are somewhat differentj. 

jve are inclined, first of all, to explain this by the fact j 

I that feelers of different types (the Smith and Lin Cheng  | 
! ■     . ,    .    ' i 
I laj3l> citoo«röiop*nar)hs) were used as well as different     | 
j  " '     * ' I 
j recording instrumsnts. Secondly, we 'believed 'that very   | 

( large average values for SH were recorded by Lin Gaeng j 

|because he took the first of the tvo peaks of the split J j 

I wave as the H -wave» As is well known, the latter is J 

encountered quite often in modified tracings (third-and j 

fourth-degree abnormality according to Brown)» \ 

\ like Lin Cheng we foaxA that the abnormalities of j' 
I '       ■       ! 
| the ballistocardiograra» reflecting disturbance in the    j 

[contractile function of the heart, increase in frequency arid 

tin thpir decree of expression with the development of hypeif- 

It.pnsion and the progress of coronary artertoscle a r t e r i o s c 1 e r o s is»—. JheJ 
^ä&V&iiW***-?. 



. same directions of these ahnormöXltTes are expltunect,    - 

[■obviously, by the fact that in both farms ©f-,vascular path-l 

! ology cpfonary Insufficiency of varying degrees exists. 

I    la Table 1 we specially separated a small group of  { 

1 natients in whom the development of artoriosclerotic myo- j 

j cardlal fibrosis had proceeded without any clinical signs I 
t ■ \ 

1 of coronary Insufficiency from the group of patients with ■ j 
f ■ " " < 

\  coronary arteriosclerosis in the third stage. They showed \ 

S essential differences 1» the nature of the ballistocardio-* 
1 ■        i 

j graphic changes» We shall dwell on the explanation of   j 

these characteristics somewhat later» \ 

\ From Table 1 it is seen that the EH interval gradually) 
i ^ ! and regularly Increases in size -with the development of  | 
! ■ \ 

| hypertension and the superimposition of coronary arterio- \ 

sclerosis.  The seme thing Is found in patients with     \ 
I ! I coronary sclerosis irt various .stages. \ 

I    The greatest values of HH are noted in arterlosclerotjjc 
1 | 

: myocardial fibrosis in people who have sustained a myo*  ] 

cardial infarction and particularly in patients in whom thii 
1 

I myocardial fibrosis is combined with hypertension (the RH j 

I in rare cases reached 0.15-0.IT second}* 
! 

As far as the systolic ballistoear&iographie complex j 
ä 
i 

is concerned its duration decreased with- the development oi 
i 
< 

hypertension. The greatest shortening of the HK interval j 
■ ä 
'■'■ , -'S 

J 



. ! 
signs of coronary arteriosclerosis. It is noteworthy that} 

a qualitative ballistocardiographic changes in these patients 

| were expressed to a considerably lesser decree tban in   j 
i I 

{ patients with hypertension,, stages II and III, which were ( 
» < 

| associated with coronary sclerosis in the ischemia stags, t 
i ■ '' 
i In  1953, we reported on material concerning the     I 
i ■      w        I 
j comparison of indices produced by several methods, whioh i 
} ' 
i assisted in the diagnosis of arteriosclerosis of the aorta! 
I - 
(roentgenokyraographic data of the thoracic aorta and of thef 

i rate of propagation of the pulse wave were compared with  1 
! • I 
I the magnitude of the ballistocardiographic systolic comolei). 
j . 
| foe snowed quite a distinct parallelism between the indicesf 

: of these methods, particularly in the last two.  This made I 

it possible for us to consider a shortening of the HK to 

less than 0.20 second a quite reliable sign of reduction ir 

the elasticity of the aorta. 

As far as the other tiaie intervals in the ballisto-  i 
i cardiogram, are concerned the striking constancy of the valt|e 

of the EL in patients with hypertension in all groups    I 
I 

attracts attention» although there were definite differences 
v 

In the other intervals of the systolic complex. \ 

We did not find any regular shortening in the IJ, whiojh 
1 

Jones and Goulder considered characteristic of arterio-   I 
! 



quite  distinctly •tfi?Sl^W6*ö£'TtrTE^ 
,' i 
i I 
normal value of 0.06 second it decreased to 0,039 second isf 

! third stage hypertension), 

|     In Table 1 the frequency of the changes In the BH and j 
i I 

j HK intervals is £lso presented, As is seen from the data j 

! presented in It, the frequency of lengthening of the SH : 

j interval Increases with the progress of hypertension, j 

i coronary arteriosclerosis and the development of ayocardia^ 
2 * 

1 & ! fibrosis» \ 
\ | 

I Shortening of the HK was found In 62-76 percent of tM 
j "" - \ 
I patients with hypertension, stages II and III with signs of 
! ' i I coronary arteriosclerosis and in 90 percent of the patients 
' I 
j with clinically determinable isolated'arteriosclerosis of ] 
I ' * 
I the aorta. .            j 

|     It ie important to note that in patients with hyper- j 
i ' - j tension without any clinical signs of arteriosclerosis   j 

| arteriosclerosis of-the aorta very frequently was found byj 

j results of investigation using a number of methods. I 
I | 
I Specifically, aceordin?-' to the ballistoeardiographic data \ 
1 *  ■ I 
| in patients with hypertension, stages U.A. and IIB, it was j 

jfound, respectively, in 40 and 60 percent of the cases.   j 
i ' ■ 1 We considered such data the very initial  signs of the j 
I <" 
I preclinical  stage of development  of arteriosclerosis of thsj 

I aorta» t | 

It was  interestinßto^stud^^ 



I of age). As Professor A.L. Myaenikov indicated at the   f 

j First An-RuseWoonareoe of Internists, only pathological 

Investigations give us, at the present time, some Idea of \ 

the early manifestations of arteriosclerosis. They showed! 

j that lipoidosis of the aorta is encountered even  at the agi 

\  o:f 25-30, ana this may  be considered a "prologue of arterld 

I sclerosis",. 

j    In our investigations the signs of decrease in aortic I 
j .        * 

elasticity, that ies shortening of the HK, were found in  ] 

j solitary cases among patients under 30 years of age and in | 

j one-third of the patients from 31 to 40 years of aae     I 
j "1 

J (Table 2),  This change correlates with the increase in thj' 

rate of propagation of the pulse wave in the majority of \ 

these patients.  Therefore, by means of ballistoearaiographjy 

the pr&tnorbia stage of arteriosclerosis of the aorta may fasj 

cl eraons t r a t e d e j 

The  question arises, does not the shortening in the 

j systolic complex, HK, in young patients with hypertension 

j depend or, hypertrophy of the left ventricle—this early and} 

typical sign of hypertension? Por the purpose of throwing j 

light on this we examined 15 athletes from 19 to 40 years I 

of age with a normal blood pressure and &  pronounced left \ 

:ventricui&r hypertrophy. lone of them showed a shortening I 

o 
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This is the same average value rox HK.$ equa.,.. t-w v,c.yt    . 

second, which was found by V.V. Barabanshchlkov and      j 

'  co-authors in the examination of 104 athletes, . 

j Therefore, isolated hypertrophy of the left ventriclej 

I was characterized by a certain lengthening of ballißto- j 

j cardiograph!c systole, and the combination of hypertrophy j 

with a reduction in the elasticity of the aorta, with a j 

ohorWn* of it. In addition, the ballistocardioarams of I 
I 

athletes were different from the balllstoeardiosrams of j 

! healthy persons who did not engage in athletics in the j 

j relatively tall arid broadened 1 ways. j 

j As far as the change in the HE interval is concerned,j 

j In patients witli coronary arteriosclerosis (see Table l), j 

shortening of it was encountered less often,than in hyper»j 

. tension. The same thing was noted in patients with hyper-| 

j tension and myocardial fibrosis, in Aorn a normal or even j 

j widened HK interval (to 0,30 second) was found« At the j 

j same time, according to data obtained by means of other  j 

I instrumental methods, arteriosclerosis of the aorta was  j 
j    . I 

I diagnosed in all these patients. 'j 

j An analysis of 'the canoes of this discrepancy in the j 

! criteria of various methods and a comparison of this dis- j 

\ crepancy with the clinical data showed that lengthening ofj 

j the systolic portion of the ballistocardiogram in patientsj 

1 e*n  V considered an index ol^3VlmM..33:kfM.amA-LQIL,l^Jm&S 

J 



contractile function of tue rayöcarciluia am the ue'vexopsent ;: 

of myooaräial fibrosls. In the majority of cases this } 
! 
'■  change \iS.s  associated with a considerable delay in the 

} onset of ballistocardlograpliic systole and ■ pronoimcecä \ 

\  qualitative changes ir the -tracings (third-fourth-degree \ 

j according to Brown) with a marked reduction of the ampli- ? 
r                                                          '                                                          ■ ' 

•[ tude and splitting of the waves»  particularly the K»  I» li j 

i  (Fig»  1). \ 

t 

*"UV^"* ~   * 

1 

f 
I    'Fig* 1*    BallIet©oe.^ileg»ffi of Patient S«s &g# 5^  (Diagssosisj | 
|     AftÄieseXeretie %oc&j?äls2. Fikf©8i®.j Ch»ni5 Coronary iMwffieiesey^ 

}    lhl3rsMeg?es* change»,    SH«0*t4 second?  HK«0,£4 ßacowd. I 

! Tri the Bialority of watlente with mjooardial flbrosls   | 
I ■ '   ! 
| a very great variation was noted both in the configuration! 

I of th» ß^'ptoT^c complexes and in all the time intervals ixsl 
| •  .-- v ■       - j 

! various phases of respiration (shortening in the phase of j 
I '■ 
! Stisül ration and marked lengthening in the phase of expiration 
I \ 
! the differences reached 0.08 second). ¥e consider these  ; 
I I 
1 charges an additional unfavorable sign indicating function*! 
t I I . * 

**J*SMW->      _jr i 



i Essential  changes la the nature of   the Dai.11sxoca1aj.o-7 

graphic changes were foüad In patients with arteriosolerotfo 

| my0Car3,ial flbroslß who had »ever suffered from .anginal 

! attacks {i!ig*  2).    Among them pronounced balUstocardio-     » 
s * 
g ' * 

| graphic changes were encountered less often.. While      j 

I tracings showing third« and fourth-degree abnormalities  j 

according to Brown were noted In the first stage of | 

arteriosclerosis in. 40 percent of the patients and in 81 [ 

percent in the third stage» in painless myooardial flbrosil 

they were noted in'only 20 percent, \ 

j. ... I 

* 

| 

Fig, 2*    BftUisteewai&grw» of Patient K** «-g© &1 {M.&g»sis: 
1    Jkrt«riö.sol«rotie tyeeaxdial FiferotlSf Pai»l«ss Fora)*   Z»*o « 

ehoitg« «Aoordlng to Brom*   HH*®,t1 tweend; H1&-0.S0 s@eo»d | 

As far as the frequency of changes in the basic time | 

intervals ia concerned, 3ust as in the case of the other j 
I 

patients with myooardial fibrcsie, in half of them a     J 

lengthening of the HE interval and shortening of the EK  j 
' i 

interval war« found.  This is evidence, in our opiiuon» of | 
I 

the feet that varying degrees of coronary Insufficiency &r| 
! 

I most important In the origin of the ballistocardiographio j 

changes«, .    . | 

12 



W change in the time lutm^mrw^m^trnw^sr^m-T^m^i 

problem,, namely» whether various intervals reflect, certain! 

? phases of cardiac activity* From the physiological view- 

s' point, is it justifiable to designate the HK interval    j 
| ' ! 
1 "hemodynamic systole", as some authors do (Sebastian! and ! 

I co-authors, de Simone and others)? In order to clarify  \ 
\ •      ■                   I 
! this, we recorded a ballistocardlogratn ana a phono car dio- s 
\ ■             ■ 

! gram simultaneously,                               \ 
\ \ 
\ vfe succeeded in determining that the peak of the H  f 
* \ 
I begins somewhat after' the onset of the first sound; the IC \ 
I        w f 
ij \ 

I wave always precedes the onset of the second sound, and thfc 
I 

I end of it almost coincides with the L peak. However» with| 

the use of a low-frequency phonocardiograph» using an ink-j 

writing "Galileo" electrocardiographs we can judge only thp 

I bepjinninp; of the first sound, caused by the closure of the] 
1 I 
mitral valve» but we cannot accurately determine the moment 

I 
( of opening of the semilunar valves, that is, the end of thjj 

phase of isometric tension and the beginning of expulsion j 

of blood.  We were specifically interested in the latter, j 

i     A number of authors» including Te.B. Babskiy and V.L.j 
I " | 

j Karniaan,  point out that the phases of the cardiac cycle      j 
I ' ! 
t cannot be analyzed from the ballistocardiograra in contrast 
1 * j to the dynamocardiogram. because they record different   ; 
IN » 
S        ila O- Kt .i.l ">.•). I.-i-i, V Cf..t, U- ^,.   <J *>-- v„. ,„3 tJ w  >Ji   ft £ 

1 s 
I     These eonclusionsweye JSäM..^S«JM»~Msl§-^l«.Ä 

i  T-T-OT* 4-4 

$ 
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j I 
the displacements recorded by means of a low-frequency   | 

! ävr,.aiüoaietric table» Hoveyer, a comparison of our factual : 

j data computed from a speed hallistocardiogram (vita the usjj. 

j of a Pock feeler), with the duration of the phases of cardiac 

j activity according to the data of dynamo cartography, proves 
s . * 

\   the opposite, ■ I 

I     In l&ble 3 the tiae intervals on the baiiistoeardio-- j 

! Aram are sh-own for healthy persons and the dynamoeardio« j 

I ^aohlc data.  One cannot help but note the striding agree*- 
1 """ ^ • :^ 
! ment of the values which have the .same physiological     j 
I  '" ? 
f significance.  Thus, the systolic complex M in healthy  | 

! persons under ho  years of age.is identical with the      | 
I I 
j expulsion phase calculated from the dynamoeardiogram of  J 

[ healthy persons of the cars.e age.  The duration of necfcanicja 

1 Bystole of the ventricles and the RK interval are aluost j 
■ " I 

j eau&l also,  The same agreement of values with respect to j 
1 ! 
I   t.v.e nta«^  of isometric  tension and.  the Ell interval also       { 
t   ''"     ■■■  I . 

I  »yists.     This correlation is reinforced by data of perioarftiae 
(-■■"*■• l 

I ' XU      I 
I rheography, according to which the tension phase, on ttie j 

I average, is equal to 0*0?5 second (Yu.T. Pushkar1).      j 

I ' This agreement once again confirms diggerss principlej 

I that th« penh of the R emite accurately reflects the onsetf I . ' * \ 
I of mechanical systole» in this connection, it Is not so * 

s 

■^^HRlttMl««?! 
LJO orr^enierpt^^ 

1 k     *""** 



includes, the propagation xx^e ox we 

.through the cardiac muscle, therefore, we considered a 

oalc-o.la.tiOB of the BE interval from the *alli.tooardiogi*n 

important, since it permits ». to demonstrate the varloua 

' relationships let«« the time of electrical excitation an* 

the mechanical response of the cardiac muscle. We agree j 

with other authors <Seba.tf*aV- Lin Cheng and others) thaf 

:BH is the moat important interval In the physiological 

. •       n„'«f*he time» which-is required senses It gives us an idea of «ae tin.e «U-LWJ 

by the cardiac muscle for the conversion of the energy of j 

contraction into the energy of pressure and expulsion of j 

blood* 

It might be expected tnat, the BH interval would be 

lengthened in various heart diseases associated with a 

weakening of the cardiac muscle. Our data confirm this 

situation with regard to patients with hypertension and 

/f. &>>■ 
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■   we have-mro^ert^mmmsr^mmw^'trmeY^r"') 
1 " I I that the peak of the H coincides with the end of the tension 

; phase arid the beginning of expulsion of blood from the 

\  heart by raaans Of a simultaneous recording of a hallistö» j 

i cardiogram, electrocardiograms and a. piezograro of the    ; 

I carotid artery; variations of pressure in the aorta reflect j • ) 
F on the latter, and the onset of the rapid expulsion of   \ 

\  blood is T&ry distinctly demonstrated.  We calculated tb.e \ 
\ i 
! time from the E wave of the electrocardiogram to the beeiu* 
J      . I 
j ning of the abrupt rise in pressure in. the carotid artery | 
I ■ 3 
i and designated it E-ej« 1 
I ! l In 50 persons whom we examined for this purpone the  | 
f ' ■        'i 

! R-ej interval * on the average, was 0*095 second; the BB,t     | 
1 1 
| 0.0S5 second (Fig* 3), As is seen, R~e;} is very slightly 
j' i 
! different from EB, by 0,01 second (from 0 to 0,02 second),! 
i 'I 

\  that is, the peah of the E almost coincides with the begin+ 
I ■ I 

f ning of .expulsion of Hood into the aorta.  The fact that j 
I | 
| H somewhat outstrips the rise IK pressure in the carotid ! 
j                            '               ■ • 1 
I artery is natural» because systole of the right ventricle t 
< i 
i i 

f begins earlier than, that of the left. In patients with  1 
i. ', j arteriosclerosis of the aorta this interval approaches 0, \ 
I ■  *ä 

Sometimes the rise in the carotid miise preceded the I 
I 

| split peak of the H, ■which might indicate a delay in     f 
I & i exT)ul3ioB of blood from the  ri«.ht ventricle« I 

.1 * 

.$ 



wj6&ssaa»«w*-n* 

of the carotOTWfc^^^ 

supplement the ballistocardiQgraphic data and .determine thi 
8 

degree of lack of coordination in the cardiac activity   [ 

(asynchroaay of expulsion from the ventricles).  This pro¥es| 
I 

that the balllstocardiographic method can to a certain   { 

degree be used for "the objective evaluation of the phases j 
i 

of the cardiac cycle* I 

J I 

AA" 

•I 

V 

^M^^^^^^^^ 

Pig» V  Sisaltftseotu fitoovdlng of ■ Fi«aogran of carotid Art«? «&&        j 
WliBtoewfaiogwta (with SnperpocMon of E «w of EKö) i» Healthy 

Iporeon. a»:® 18»    R-H«0.Oä9 meond} R—ej^0*0^ ceoond; BI-O.HO fl«oond. ( 

I 

This conclusion is in agreement with-the observations! 

of Sebastian! and others, who on the basis of a comparison« 
I 

1 of the balllstocardiographic and electrokymographio data  j 
1 

concluded that the QH interval (or B.F: interval) can-serve j 

| as a measure of the tension, phase of the ventricles.     j 
i ' i 

We considered the HE interval as corresponding to the; 

t I r.eriöd of expulsion from the ventricles;   the K-seeo&u 
1 * ■ | 

sound-interval,   to the. protodiastolic period;  and the BK,   j 

17 



n^KSSSW-A-i^:-%>* 

opinion of Sebastlani, Wüü considers ix possible to 

evaluate the duration of mechanical systole by the Q-K       \ 

interval and suggested a formula, similar to Basett's 

formula for deriving the absolute values In accordance witk 
i 

the rate of cardiac contraction. . \ 

Since the G wave of the ballistocardiograra is demonstrated 
J 

with difficulty and is very closely related, temporally witfi 

the R wave of the electrocardiogram, we believe that the \ 
I 

■same thing can be done by calculating the RK.  The normal | 
;i 
h 

values of these intervals are quite similar« | 
A 

In clinical practice it is not always enough to know I 

the absolute values of the duration of mechanical systole,! 

because it changes in dependence on the cardiac rate* For! 

the purpose of evaluating the functional condition of the 
I 

cardiac muscle the relative indices are of greater import-j 
! 

ance, for example, the ratio of the duration of the expulsion 

phase from the ventricles to the duration of mechanical  j 
i 

systole« It characterises the intrasystolic index» A   < 
I 

reduction of it attests to the low decree of efficacy of I 
I 

cardiac contraction. According to the data of V.L. Karpraan» 

normally it amounts to 74.6 percent; according to our data| 
i 

?4„3 percent, I 

With the development of hypertension and arteriosclerosis 
I " 3 I a gradual lengthening; occurs in mechanical systole and a  | 
I I 

118 



.. occurred in t>ätTeil't;r«^^ 

with myocardial fltrosis who had had a myocardial infarction. 

■ This index is In good-correlation with clinical observations 

I vbinh attest to -the considerable frequency of development \ 
I \ 
| of cardiac insufficiency in such patients, j 
I I I •       Conclusions 
I ' ! 
|     1.  Study of the time relationships is a very valuable 

I method which considerably supplements the character! as.ti on j 

i of Qualitative changes in the ballistocardiogram and     | 

\  broadens the diagnostic, possibilities of toallistoosrdlo- | 

<Th 
; 

e degree of increase in the EH intervals that | 
i 

I is» the delay between the beginning of hercodynamic systole] 
I 

I after electrical systole» is of diagnostic significance inj 
! I 
hypertension and arteriosclerosis and reflects the desree j 

j of development of myocardial fibrosls» | 
!■ ' 

I     3»  Shortening of the systolic complex (HK interval; j 

| is a reliable sign of arteriosclerosis of the aorta,     j 

i     4. A comparison of our data with the data of dynamo- 

\  cardiograph? showed that baliistocardiography can be used j 

j fov the determination of the duration of certain phases off 
i ■  ' i 
j the cardiac cycle (phases of tension and of expulsion ox     \ 
! ■        * 

I the ventricles), \ 
I " I 5.     The intraaystolic index,   that is,   the  ratio between 

I th*  rsrulod  of exoulsion and the  enthre js^ehj-r^ea^^ 

19 



Ts an Important» «era^rrr™",: 

possible objectively to evaluate the strength of cardiac j 

contractions in various cardiovascular diseases, f 

■ 6. The diagnostic possibilities of ballistocardlo- I 

graphy increase with the simultaneous recording of the j 

other hemodynamic processes, particularly variations of J 

pressure in'the carotid artery and of the heart sounds.' j 
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